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ABSTRACT 
The  st,atistical  treatment of areal  and  seasonal  groupings of mean  annual  and nlean monthlv  percentage  sunshine 

and  percentagc  cloudiness  data for Grlited States  stations  based  on  relative  amount,s of stratiform cloudiness  yields 
intrresting  and useful results.  Thew r e d t s  are  readilv  apparent  in  charts  which  have been developed to depict the 
regression lines,  errors of estimate,  and coefficients of correlabiou, and  which  are  included  in  thiq  article. For example, 
the  charts rcveal that  the regression line for the  relatively low percentage  sunshine  months for the  areas of the  country 
with  high  amounts of stratiform  cloudiness is well displaced  from  that for the  relatively  low  percentage  sunshine 
months for areas  with  comparatively low amounts of st.ratiforrn  cloudiness. 

httving ;t high incidence of fogg:- days also reports n1or.e 
stmt'ifortn cloutliness t h m  does every station  having A lorn 
1111111ber of f'ogg3- days in  the  year.  However,  most 
mc:~ther  stntions in the  more foggy regions oi the con- 
tiguous  1-nited Sti-rt'es report  more  stratiform cloudiness 
than do those  in  t'he less foggy  ones. Thus, it muy  be 
broadly  stated  that  the  narrow  strip of land between the 
Pricific Oce:t11 : t t d  the western  Coastal  Ranges,  the Great 
L;Llws region, nnd t'he area  t'o t'lle east and rlort'heast of the 
Gulf of ;\lcxiclo iLre chrm~rt'erized by more  stratiform 
cloutlirless t h m  >Lre t h e  other  areas  in t'his part of the 
glohe. 

Tmltlsberg [3] points out t'hat  t'he  percentage of sunshine 
plus the percent,nge of cloudiness equals 100 as a first ap- 
prosinlation. Some studies,  both  for  points  in  the  United 
States nrltl elsewhere, have been lnnde  to  determine  t'his 
relatiomhip more precisely. However, except for the re- 
ports 1))- St'crnes [4] [ 5 ] ,  there is no  record of a compre- 
tlensivc~ study of this  relationship  for  the  United  States 
usiug  recrllt  d:tta. 

The  table of normals,  means, and extremes lor some 
l'nitjecl States localities [6] provides  recent "period of 
record" data for mcan  tllonthly and annual  percentages 
ol possible sallshine  and  mean  nlonthly  and  annual sky 
cover  sunrise  to  sunset.  These cloudiness values  may 
be expressed  in  percentages  and  readily  compared  with 
percentage of' possible  sunshine  values to  determine  their 
interrelation.  Though lrlost of the localities  for  which 
these data  are  prepared do provide  mean  sky cover val- 
ues, many do not  maintain  records of percentage of pos- 
sible  sunshine or have  these  records  only  for  extremely 
short  periods. Orlly 132 weather  stations  reported "pe- 
riod of' record"  values for both  percentage of possible 
sunshine and mean sky cover  sunrise  to  sunset for a t  
least 12 years  in their. 1958 annual issue [6]. These  were 
selected for this  study.  The  percentage cloudiness data 
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were converted  from  their  values  for mea11 sky covcr 
reported to  tenths. 

Examination of the  annual  values lor these 132 sta- 
tions indicated that  Sternes' regression line for the  anllual 
data  underestimated most of the  values  for  the  stations 
in the  portions of the  country  with  generally  less cloudi- 
ness and/or lesser arrlourlts of dense cloudiness, and  that 

' O t  

his rcgressiou  line tcnded to overestimate  values for sta- 
tions in the more Ilurnitl, cloudier portions o l  t h e  coun- 
try. 'l'llis suggested not only  developing regression equa- 
tions by gcograpllic areas for  the  mean annual data based 
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FIGURE 5.-Clirnographs for mean  monthly  percentage cloudiness vs. Inem monthly  percentage  sunshine for 2 stations  (top) in areas  with 
relatively  high arnounts of stratiform  cloudiness  and 2 st:itions  (bottom) i n  areas wit,h relatively low amounts of stratiform cloudiness. 
Point  indicated by s shows mean annual  value alld solid line is parallel  to  the regression line  for  all  stt~t~ions in that  particular  type of 
area. See fignrcs 3 and 4. 

on  general  density of cloudiness  considerations, but also 
grouping  the  months of the  year on tmlle  basis of cloudi- 
ness and/or density of' cloudiness  for  tletermining  sllorter- 
period  relationships.  This  is the course  taken in this study. 

2. ANNUAL  DATA  RELATIONSHIPS 
The  mean  annual  percentage  sunshine  and  thc nle:m 

annual  percwltage cloudiness for  the 1x2 United  Statcs 
stations were studied  to  determine  tlleir  rclationship. 
The  plot of these  values  appearing  in figure 1 shows that 
tjhe  equation,  percentage  sunshine  plus  percentage  cloud- 
iness equals 119, gives a fairly close approximation. 

However,  there is considerable  scatter  about  the regression 
line (leternlined  from  these  data. 

Grouping on a  basis of amounts of dense cloudiness 
with  the  country  divided  as shown by the solid lines in 
figure 2,  resulted  in  data  for 57 stations being  available 
for stud>-irlg  the  sunshine-cloutliness  relationship  for  the 
portion of the country wit>h  relatively low amounts of 
stratiform  (dense)  clouds. Data for  the  remaining 75 
stations were then used for studying t'his relationship for 
the  parts of the  country  charact>erized, in general, by 
having  more  stratiform  (dense) cloudiness. 

Figures 3 and 4 show  t,his  relat,ionship for the two sets 
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values of percentage cloudiness for the  stations in the 
of data  and  reveal  much lcss scatterillg of points than areus  having less stratifornl cloudiness and also the lower 
for the  data for the 132 stations  combined. Also depicted rate of increase ol percent'agc sunshine  with decrease in 
is the  higher  values of percentage  sunshine for given percentage clouclirwss for these  stations and vice versa. 
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FIGURE lO.-hfean monthly  percentage  cloudiness vs. 1ntm1 monthly 
percent,age  snnshine for the  cases for the  area  with  rrlativrly low 
arnounts of stratiform  cloudiness  in which the  sunshine is rr.la- 
t,ively high  with  respect  to  cloudiness. See legend to  figllrr :<. 

3. MONTHLY DATA RELATIONSHIPS 
Reference  to  climogruphs for two  widely sep:u:Ltetl 

st'atiorls  having re1:ttivel-y high  alnounts of strtltiforrll 
cloudiness, Key  West,  Fla. and Eurclw, Cdif.,  :~nd for 
two widel)- separated  stations 1l:Lving r&tivcly low 
amounts of stratiforru  cloudiness,  Lit,tle  Rock,  Ark. and 
Phoenix,  Ariz. (see fig. 5 )  provides :I hint' :IS to tlw  tlispcr- 
sion  which  would result if all  the  nlonthly valucs lor a11 
the  relat'ively high st,ratifornl cloudiness st il  t lolls ' were 
treated  toget'lwr and, correspondingly,  all  the r~lonthly 
values  for all the  relatively low  strtltil'orrn  cloudiness 
st'tttions were trcatetl  together. It :\lso is cvitlcrlt fro111 
these  clirnographs  that  it, would bc anwisc to considcr 
studies of J a n u q -  d t t t a  septmttcl)-,  Febru:~r-y  data scp;~- 
rately, and so on, since  not  all  the N ~ C I L S  uith relatively 
high mlounts of stratiform cloudincss have their periods 
of high  percentage cloudiness-low pcrcrntagc  sunshine 
(and vice versa)  concurrentl\-. T h e  S:IIIIC is t rue  for 
portions of the  relatively low stratiform  cloudiness  areas. 

Accordingly, it wits  decided to  consider t'lle r ~ ~ o n t l d y  
values wit'hirl the  two area groupings  with  respect to  
w-hether the percent'nge of sunshine W:~S low, about' nver- 
age, or high  in  relation to percentage  cloudiness.  This 
was  done  wit'h  each  nlont'h's  data  separately for each 
station  in  each of the  two  categories. T h e  procedure 
was to  ascertain  whether  each  ~rlor~tllly  value for the 
station fell within,  was  outside and above, or  outside and 
helow the area deternlinetl b>- the  standard  error of 
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FIGURE 11 .-Mean monthly  percentage  cloudiness vs. mean month- 
ly  percentage  sunshine  for  the  cases for the  areas  with  relatively 
low amounts of stratiform  cloudiness  in  which  the  sunshine is rela- 
tively low with  respect  to  the cloudiness.  See legend to  figure 3. 

estimtLte value reported in  figures 3 and 4 when considered 
with  respect  to a line parwllel to the  originally  determined 
regression curve  for  the  sample of stations  and  passing 
through the  plot of the  ttnnual  percentage  sunshine  and 
percentage  cloudiness  values  for that  st'ation (see fig. 5 ) .  
TI& placed :t re:lsonable size sample  in  each of the  three 
sets of data for eacll of the two types of areas. 

This treatment, of the data  for  the  st'ations  within 
various distinc*t  geographical  sections of t>he country 
~~~venle t l   tha t '  usually  about  the same set of months had 
about average, above average, and below  average  InonthlJ- 
percentage  sunshine,  respectively,  in  relation to percent- 
age  cloudiness. The morltlll>- data were then arraJ.ed 
with  respect  to  this  qualit'ative  relationship as shown in 
table 1 ttnd treated to obtain  the regression  lines, coeffi- 
cients of correlation,  and errols of estirnate  depicted  in 
figures 6-1 I .  The regression equations  are collected in 
t;Iblc 2 .  

l lost  of the error of est'i~nate values  obtained bJ- this 
procedure are relatively low as revealed  in  these figures. 
The regression line for t'he  relat'ively  low  percentage  sun- 
shine  months  for the areas of the country w-it'h relatively 
high amounts of stratilorrn cloudiness is well displaced 
from that for the  relatively low  percentage  sunshine 
months for the  areas  with  comparatively low amounts of 
stratiform cloudiness and far removed  from the regression 
line for the r.elativel>- high  sunshine  months for the  latter 
tLI'f?AS. 
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TABLE 1.-Months  with  relatively  high (+), relatively nloderate (o), ' and  relntiveZ!J low (-) values o.f mean  percentage  sunshine  'with  respect to 

vallles of mean  percentage  cloudiness for  dijerent regions of the  United  States. 

H. Arcas with  Relatively  High  Amounts of Stratiform  Cloudiness 
a. IIighermgions of Mainp, New Hampshire and ~ ~ , r i ~ i o r ~ t * ~ ~ . . ~ ~ ~ .  
b. Orvat Lakcs rrgion  including all of \Visconsin and eastern ~ 

*Includes data  for f c a c r   t h m  five stations. 

TABLE 2.-Equations f o r  interrelation of percentage  cloudiness and 
percentcqe  sunshine. Rcfer to  table 1 ,for k e y  to the  portions of the 
year covered by euch category  for  the mrious  parts of the  country. 
!J i s  m e a n  percentage  _sunshine; J: is mpan percentaye  clordiness, 
sunrise to sunset;   and S i s  standard  error of estimate. 

~~~ - ~ ~ ~ -  ~. 

H. I n  Areas witli Rdatively High  Amounts of StratiIorm Cloudinrss 
a. For mean annual values. (fig. 3) g=ll4.5"0.Y'JrC - 
I). For mean  monthly values for portion(s) of year  with  highmt ~=l l3 .7- -1 .0 i r~  

c. For  mean  monthly values for portionk) of ycar with lolwst ! /=111.2-0.84~ 

rl. For mean  monthly values for portionk) ol year not  includcd  in '/=ll4.9-l.lJl c 

N=3.36 

amounts of stratiform  cloudiness. (fig. 8) S=3.61 

amounts of stratiform cloudiness. (fig. 7 )  S=3.8i 

( I ) )  or ( e ) .  (fig. 6) S=4.58 

- 

L. In Areas with  Kelatirtxly Lolwr .4mannts o f  Stratiform  Cloudlrlcss 
a. For mean  anriultl valurs. (fig. 4) ~=l l5 . t i -~J .W r 

b. For mean monthly v:rlues for  I)ortion(s) of yrar  with hiphcst !)=113,2-1.lJ(J t- 

c .  For mean  monthly valurs for pnrtion(s) of year with  lorwst .y!=llY.X-O.!NJ I 

d. For mean  monthly values for portionts) of year not  included in .y=112.4-lJ.Xi c 

s=2.70  

.'i=3.,58 

s = : 3 . i 4  

s=3.ii 

amounts of stratiform cloudinc-ss. (fig. 11) 

amounts of stratiform cloudincw. (fie. IO) 

(I , )  and ( e ) ,  (fie. 9) 
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